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Abstract— The present work of this paper analyses with the effect of heat and mass transfer on firee convection flow near an
accelerated infinite vertical plate in the presence of transverse magnetic field. The surface is maintained at linear temperature and
concentration variations and time dependent wall suction is assumed to occur at the permeable surface. The system of equations such as
equation of momentum, energy, mass diffusion has been transformed by usual transformation into a non-dimensional form. Some
applications of practical interest are discussed for deferent types of plate motions. The governing equations are solved by the use of
Laplace transformation technique and the results obtained are presented graphically for (both primary and secondary) the velocity
distribution for the influence of the various parameters like hall parameter, Hartmann number, rotation parameter, Schmidt number,
Prandtl number, thermal Grashof number, mass Grashof number. The temperature and concentration profiles are presented

graphically.

Index Terms— Hall Effect, Isothermal, Temperature Diffusion, Mass Diffusion, Vertical Plate, Rotating fluid.

I.INTRODUCTION

The natural convection heat transfer from a vertical
plate to a fluid has applications in many industrial
processes. Practical applications are found in heat
exchangers. The study of convection with heat-mass
transfer is very useful in the fields as Chemistry,
agriculture and oceanography. Heat and mass transfer
from a vertical plate have been studied by several authors.
An exact solution for the current is induced in the
direction normal to both electric and magnetic fields. This
phenomenon is known as the Hall Effect.

Aboeldahabn et al. [1] have analyzed Hall current
effect on magneto hydrodynamic free convection flow
past a semi infinite vertical plate with mass transfer.
Acharya [2] studied Hall Effect with simultaneous thermal
and mass diffusion on unsteady hydro magnetic flow near
an accelerated vertical plate. Basanth Kumar Jha and
Ravindra Prasad [3] presented free convection and mass
transfer effects on the flow past an accelerated vertical
plate with heat source. Chen [4] studied heat and mass
transfer with variable wall temperature and concentration.
Das et al. [5] studied radiation effects on flow past an
impulsively started vertical infinite plate. Elbashbeshy [6]
discussed heat and mass transfer along a vertical plate
with variable surface tension and concentration in the

presence of the magnetic field. Hetnarski [7] analyzed an
algorithm for generating some inverse Laplace transforms
of exponential form. Ganesh and Pilani [8] rendered Finite
difference analysis of unsteady natural convection MHD
past an inclined plate with variable surface heat and mass
flux. Kafousias and Raptis [9]analyzed Mass transfer and
free convection effects on the flow past an accelerated
vertical infinite plate with variable suction or injection.
Muthucumaraswamy [10] investigated the interaction of
thermal radiation on vertical oscillating plate with variable
temperature and mass diffusion. Raptisa et al. [11] studied
hydro magnetic free convection flow past an accelerated
vertical infinite plate with variable suction and heat flux.
Sattar [12] rendered free convection and mass transfer
flow through a porous medium past an infinite vertical
porous plate with time dependent temperature and
concentration. Takhar [13] investigated unsteady flow free
convective flow over an infinite vertical porous plate due
to the combined effects of thermal and mass diffusion,
magnetic field and Hall current.

The objective of the present paper is to study the exact
solution of Hall Effect on MHD flow past an accelerated
infinite vertical plate with uniform mass diffusion,
numerical methods and the developments in computer
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technology methods play an important role in solving the
partial differential equations by Laplace-transform
technique. The solutions are in terms of exponential and
complementary error functions. The various parameters
entering into the problem like hall parameter, rotation
parameter, radiation parameter, Hartmann number,
thermal Grashof number, mass Grashof number, Schmidt
number, temperature are investigated and the results are
shown with the help of their graphical representations.

II. FORMULATION OF THE PROBLEM
AND ITS SOLUTION

The unsteady flow of an incompressible
andelectrically conducting viscous fluid past an infinite
vertical plate with variable temperature and variable mass
diffusion has been considered. Relative to the rotating
fluid, the plate is impulsively started from rest and set into
motion with uniform acceleration in its own plane. When,
the fluid and the plate rotate as a rigid body with a
uniform angular velocity Q' about z-axis in the presence

of an imposed uniform transverse magnetic field B,
normal to the plate. Also, no external electric field is
applied, so the effect of polarization of the magnetic field
is negligible. Initially, for timez’ < 0, the plate and fluid

are at the same temperature 7. and the mass
concentration C ; At timet' > 0, the plate temperature

and the mass concentration is raised to 7'} andC| . As

the plate is infinitely long, the fluid velocity components
and temperature distribution are functions of z and t only.
Under the above assumptions as well as Boussinesq’s
approximation, the equations of conservation of
Momentum, Energy and Concentration governing the free
convection boundary layer flow past an exponentially
accelerated vertical plate can be expressed as:

Equation of Momentum:

u 1 B
8u’—2Q'v= a—z‘——a—p+g+—0jy
ot oz" pox yo, )
2
a—",+2§2'u =96—f—5 3
Equation of Energy:
oT' o°’T' oq
=k -— 3
PC) ot' oz oz ®
Equation of diffusion:
oc' __o'C
o e @

Since there is no large velocity gradient here, the viscous
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term in Equation (1) vanishes for small and hence for the
outer flow, beside there is no magnetic field along x-
direction gradient, so we have

3
0=-L-p.g )
Ox

By eliminating the pressure term from Equations (1) and
(5), we obtain
ou 0’

u B
= 2Q0v=9"—+(p, - p)g+—Lj (6
o S (P, —P)g > J, ()

The Boussinesq approximation gives

P =P =P ST =T)+p,p(C'-C,) (1)
On using (7) in the equation (6) and noting that p_ is
approximately equal to 1, the momentum equation reduces
to

2
a—”—zg'v=35—z‘+ﬁjy +gB(T' -T)
oz p (®)

+gp'(C'-C)
The generalized Ohm's law, on taking Hall currents into

account and neglecting ion-slip and thermo-electric effect,
is

a)e T@

j+—<(jxB)=0(E+§xB) ©)

0
The equation (9) gives
Jx—mj, = ovh, (10)
J, +mj, =—oub, (11)
where m = @,7, is the Hall parameter. Solving (10) and

(1) for j, andj,, we have

. oB
Jy = ——5 (v—mu) (12)

1+m

. oB,
= u-+my 13
‘]y 1+m2 ( ) ( )

On the use of (12) and (13), the momentum equations (8)
and (2) become

2 2
6—”:88—u+ZQ’V—JBO(u+mV)
o' oz’ p(l+m*) (14)
+gB(T'-T,)+gp (C'-C))

2 2 _
8_V,:l98—:—2fm+—630 (mu ZV) (15)
ot oz p(l+m”)

The initial and boundary conditions are given by
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'<0 u=0,v=0T"=T,.C'=C,, Vz )
>0 u=u,v=0,T"=T, + (T, ~T.)At',
C'=C. +(C,-C At atz=0 |

u—>0,v—>07"->71,C"—>C,
asz —> g

2
u
where 4 =L
4 (16)
The local radiant for the case of an optically thin gray gas
is expressed by
O .
Ar — 4q" (17 -T") (17)
oz
It is assumed that the temperature differences within the
flow are sufficiently small such that 7' 4 may be
expressed as a linear function of the temperature. This is
accomplished by expanding T’ "“ina Taylor series about

T 0; and neglecting higher-order terms, thus

T'* =477 7' -371"* (18)
By using equations (17) and (18), equation (3) reduces to
C a—T—k G +16a"cT” (T =T (19)

7ot 0z>

Let us introducing the following non-dimensional
quantities

=l’V=L’Z=2u—O’t:tu0 5
U U v e
2 ' '
' T-T
Q—QZ,MZ—QO-BOZ/,H: i )
U 2pu, T,-T,
c=L-C ,Pr:pC",Sc=1
. -C, k D
T -7 Cv —C'
G - 8PN . 2) Ge=8 8B 1( 2)
Uy ”o
16a*oy’T"
ku,’

Using these boundary conditions in above equations, we
obtain the following dimensionless form of the governing
equations

2
oU a(i oy M (U+2mV)
6t oZ 1+m

(20)
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2 2 _

WOV gy BMUD) g,
ot o7 1+m

00 1 0°6 R

— = ——5——0 (22)
ot Pr oz Pr

oC 1 6*C

—-— = (23)
ot Sc 0Z

The boundary conditions for corresponding order are
t<0,U=0,V=0,0=0,C=0 forall Z
t>0U=1.V=0,0=t.C=tatZ=0

U—-0,)V—>0,0>0C—>0aZ—>x
(24)

Now equations (20) & (21) and boundary conditions (24)
can be combined to give

oF O0’F
- = (25)
ot 07>
2 2
Where a = =4 2j(— M

1+m 1+m
06 1 0°6 R
— = ————0 (26)
ot ProZ Pr
oC 1 0*C
— = —— 27)
ot Sc 07

The initial and boundary conditions in non-dimensional
quantities are

tSO’FI(),@:O, C=0 forallZ
t>0,F=1,0=t,C=tatZ=0
F—)O,@—)OC—)O as / —> 0 (28)

Exact solution for the fluid temperature and concentration
of (26), (27) is expressed in the following form by taking
inverse Laplace transform of solution as

(1 + ZUZSc)eI”fC(U\/E)
C(z.1)=(t _znfg ewlnise)| @
t exp(277\/b?)€”fc(77\/_+\/_)
+exp( 277\/b?)61’f0(77\/__\/—)

0(Z,t)=
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B n\/ﬁ\/; [exp( 277@)67]‘0(77\/? - \/E)}
b |- exp (ZU\/W)erfc(?]\/ﬁ + \/E)

(30)

The equations (25), (26), (27), subject to the boundary
conditions (28), are solved by the usual Laplace-transform
technique and the solutions are derived as follows:

F(Z,0)= (14 a = a;)exp(2nar)
erfe(n +at) +exp(~2nat)erfe(n - at))
+a d(Sexp(2pJat erfe(n +ar)
+exp(-2n~at Yerfe(n —at)) -

(Zjé)(exp(—znﬁ)ewfc(n—ﬁ)

—exp(2nat )erfe(n +at))]
- a,elCXexp(2anerfe(n-+ar)

+exp(=2nat Yerfe(n —~at)) -

ot o
G e 2nat)erfe(y —at)

—exp(2nat)erfe(n +~at))]
+a,g(exp(2n(a+d)erfe(n +J(a+d)y
rexp(-2n(a+ derfeln—J(a+d0)
— a,h(exp(2n+[(a +e)t Yerfe(n +J(a + e)t)
rexp(-2(a+ xerfe( =@+ )

- % (exp(2nPr b erfe(/Pr +bi)

+exp(—217+/Pr bt Yerfe(n/Pr — /bt))

- ald[(%)(exp(b]\/Pr bt erfe(n/Pr + bt
+ exp(—=2n+/Pr bt Yerfe(nPr —\bt)) -

(%)(exp(—Zn\/Prbt)en’c(n\/P_ SN

—exp(2n~/Pr bt)erfc(n\/ﬁ +/b1)]
+ a,g(exp(2n+/Pr(b + d)t )erfe(nPr + (b + d)1)
+exp(=27+[Pr(b + d)t Yerfe(nNPr — /(b + d)t))
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+a, (erfe(nSc))

+a,et[(1+ 27> Sc)erfe(nSe) - 2’1/‘/_5
T

— a,h(exp(2n+/Scet Yerfe(n/Se +et) .
+ exp(=217+/Scet Yerfe(n Sc —et))

z Gr Gce
= 7 a, = 55
2t (1-Pr)d (Sc—1)e
_ R J bPr—a a exp(dt)

Pr’ 1-Pr ’ ’
e exp(et)

2

In order to get the physical insight into the problem, the
numerical values of F have been computed from (31).
While evaluating this expression, it is observed that the
argument of the error function is complex and, hence, we
have separated it into real and imaginary parts by using
the following formula:

exp(-n°Sc)

wheren) =

b e= ;
Sc—1 & 2

erf(a+ib)=erf(a)+ M[l —cos(2ab) +isin( 2ab)]

2ar
2
n
2exp(—a’) & exp(——-) ,
+2opa’) 4 (1 (a.b)+ig, (@b)+ € (a,b)
V4 ‘o n"+4a
Where

f,, =2a—2acosh(nb)cos(2ab) + nsmh( nab)sm( 2ab)
and

g, =2acosh(nb)sin( 2ab) + nsinh( nab) cos(2ab)
€ (a,b)| =107 |erf (a +ib)|

III. RESULTS AND DISCUSSION

Results are computed for the dimensionless
concentration C, temperature 60, the values of primary
velocity U, secondary velocity V are obtained for different
values of the rotation parameter Q, radiation parameter R,
Schmidt number Sc, Hartmann Number M. Hall
parameter m, thermal Grashof number Gr, mass Grashof
number Gc, and time t and these numerical values are
presented by means of different graphs. In order to
understand the physical situation of the problem and
hence the manifestations of the various material
parameters entering the problem we have computed the
numerical values using the software “Mat —Lab”. The
value of the Prandtl number Pr is chosen to represent air
(Pr = 0.71). The value of Schmidt number is chosen to
represent water vapour (Sc = 0.6) and keeping the values
of time t=0.2.
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A .CONCENTRATION PROFILE

Figure 1 represents the effect of Schmidt number
(Sc = 0.3, 0.6, 0.78, 2.01) on the concentration at time
t=0.2. The effect of concentration is important in
concentration field. As Schmidt number (Sc) increases the
concentration decreases while the frequency of excitation
remains constant.

1

0.9
08t .
07t Sc -
06} > 03 ]
C » 06
051 - -
> 078
0.4 i
> 201
0.3F .
0.2t -
01} .
0 1 L
0 0.5 1 15 2 25

Figure 1: Concentration profiles for different Sc

B. TEMPERATURE PROFILE

Figure2. shows that the temperature profiles for
different values of the thermal radiation parameter (R=0.2,
0.2, 2.0, 5.0) and time (t=0.2, 0.6, 0.2, 0.2). It is observed
that the temperature increases with decreasing radiation
parameter and the temperature increases with increasing
values of the time t.

1
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Figure 2: Temperature profiles for different values of R and t
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C. VELOCITY PROFILE

Figure 3 and 4 shows the variation of primary and
secondary velocity profile of Q = M?m/ (1+m?). We
observe that the primary velocity U falls when Q are
increased, but the secondary velocity V increases with
increases in the values of Q. Figure 5 and 6 present the
variation of the primary velocity U and secondary velocity
V profile for different value of Hartmann number M, here
the primary velocity increases with decreasing values of
M and the secondary velocity increase with increasing
Hartmann number. Figure 7 and 8, it is noticed that, the
primary velocity U and secondary velocity V rises due to
increasing value of the Hall parameter m. Figure 9 and 10
demonstrate the primary velocity U and secondary
velocity V profile for different value of R, the primary
velocity increases with decreasing values of the radiation
parameter R, there is rise in the secondary velocity
components, due to an increase in the radiation parameter
R. The profiles for the primary and secondary velocity are
shown in figure 11 and 12 for different value of Gr, Ge. It
is observed from these figures that the primary and
secondary velocity increases with increasing values of the
thermal Grashof number and mass Grashof number. The
figure 13 and 14 further show that the primary velocity
increases with decreasing values of Schmidt number Sc
and the secondary velocity increases with increasing
values of Sc. Figure 15 and 16 that the primary and
secondary velocity increases with increasing values of t.

25 . . . . .

I 0.5 1 15 P 25 3

Figure 3: Primary velocity profiles for different Q
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Figure 4: Secondary velocity profiles for different Q Figure 7: Primary velocity profiles for different m
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Figure 5: Primary velocity profiles for different M
Figure8: Secondary velocity profiles for different m
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Figure 6: Secondary velocity profiles for different M
Figure 9: Primary velocity profiles for different R
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14 Figurel2: Secondary velocity profiles for different Gr and Ge
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Figurell: Primary velocity profiles for different Gr and Ge Figure 14: Secondary velocity profiles for different Sc
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2.5 3

Figure 5.16: Secondary velocity profiles for different * t’

IV. CONCLUSION

The paper deals with the unsteady MHD free

convection heat and mass transfer flow past an infinite
vertical plate. The dimensionless governing equations are
solved numerically using Laplace transform method. An
analysis on the primary velocity (U) and secondary
velocity (V), the following conclusions are listed below:

(2]

(3]

e U rises due to increasing value of the Hall
parameter (m), thermal Grashof number (Gr) and
mass Grashof number (Gc), with increasing
values of't.

e U falls when Q are increased, the velocity
increases with decreasng values of the Hartmann
number (M), the velocity increases with
decreasing values of the radiation parameter (R),
the velocity increases with decreasing values of
Schmidt number (Sc).

e Vincreases with increasing values of Q, M, m,
R, Gr, Gc and t.

e As Schmidt number (Sc)
concentration decreases.

increases the

e The temperature increases with decreasing
radiation parameter, the temperature decrease
with increase in the Prandtl number.
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